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or COBAS AmpliPrep-COBAS TagMan HBV test (Roche
Molecular Systems; detection limit 2.1 log copies/mL).
Positive results (signals) below the quantitative HBV
DNA concentrations are referred to as “detected” and
negative signals are “not detected” when registered by
COBAS AmpliPrep-COBAS TagMan HBV test. The pres-
ence of LAM-resistant rtM204V/I and rtL180M substitu-
tions was analyzed by direct sequencing of the HBV
DNA polymerase reverse transcriptase site.

Retrospective analysis

Using a conserved serum sample, we examined the exist-
ence of LAM-resistant rtM204V/1 or rtL180M at baseline
in patients with VBT. We also measured HBV DNA by
COBAS AmpliPrep-COBAS TagMan HBV test, and we
evaluated the subsequent occurrence of VBT according
to the DNA level (not detected/detected/2.1 to <2.6 log
copies/mL).

Statistical analysis

Categorial variables were compared between groups by
the y’-test or Fisher's exact test, and non-categorical vari-
ables by Mann-Whitney's U-test. The cumulated VBT
rate was compared between each group using a log-rank
test with Kaplan-Meier analysis. All data were analyzed
using SPSS ver. 15.0] software. P < 0.05 was considered
statistically significant.

RESULTS

Baseline characteristics of the patients

ASED ON THIS randomized controlled trial, 12

patients were placed in an ETV group and 15 in a
L.AM group. One patient in the ETV group dropped out
because of skin rash by ETV. The baseline characteristics
of the patients are described in Table 2. At the entry, one
patient was positive for HBeAg in each group. There was
no difference in sex, age, duration of LAM administra-
tion and ALT level between the two groups.

Incidence of VBT and BTH

There was no BTH in any of the patients. The incidence
of VBT was six patients out of 15 (40%) in the LAM
group, and no patient in the ETV group (P = 0.02). The
Kaplan-Meier curve for the proportion of cumulated
VBT is shown in Figure 2. The differences in the rates of
VBT were significant between the LAM and ETV groups
(log-rank test P=0.025).

© 2011 The Japan Society of Hepatology
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Figure 2 Proportion of cumulated virological breakthrough in
lamivudine (LAM) and entecavir (ETV) group. The cumulated
rate of virological breakthrough was higher in patients treated
with LAM than those with ETV (40% vs 0%, P=0.025 by
log-rank test).

Characteristics of patients with VBT in
LAM group

Details of the six VBT cases in the LAM group are
described in Table 3. Assessment of LAM-resistant muta-
tions at the time of VBT showed that both rtM204V and
rtL180M were observed in all cases. For five of the six
cases, HBV DNA was detected by COBAS AmpliPrep-
COBAS TagMan HBYV test at baseline, although the HBV
DNA level was very low. With respect to LAM-resistant
mutation at baseline, rtM204V and 1tl.180M were
observed in one of six cases. In contrast, no LAM-
resistant mutations were observed in 20 non-VBT cases
at baseline.

incidence of VBT based on the HBV DNA
level by COBAS AmpliPrep-COBAS TagMan
HBV test :

Incidence of VBT based on the BV DNA level according
to COBAS AmpliPrep-COBAS TagMan HBYV test at base-
line is shown in Figure 3. HBV DNA levels were less than
2.6 log copies/mL by Amplicor HBV Monitor in all
cases. However, HBV DNA levels in the LAM group were
“not detected” in five cases, “detected” in eight cases and
2.1 log copies/mL or more in two cases by COBAS
AmpliPrep-COBAS TagMan HBV test. VBT was observed
in five of the 10 cases whose results were either
“detected” or 2.1 log copies/mL or more and in one
of the five "not detected” cases. On the other hand,
although HBV DNA levels in the ETV group were
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Table 3 Characteristics of patients with virological breakthrough in LAM group

At virological breakthrough

At baseline

Mutant of
LAM resistance

HBV DNA

Period of VBT

(months)

Mutant of LAM

resistance

HBV DNA by TagMan
HBV (log copies/mL)

HBeAg

Duration of LAM

administration

(month)

Sex

k)

(log copies/mL)

L180M/M204V
L180M/M204V

14 4.9

None

Detected
Detected

Negative

37

106

None

Negative
Negative

54
63
57

55

L180M/M204V
L180M/M204V

w

None

Not detected

Detected

81

10
12
2

None

Negative

43

F

L180M/M204V
L180M/M204V

2.8

None

Detected
2.3

Negative

84

M

L180M/M204V

Negative

36

M

57

AL, alanine aminotransferase; E1V, entecavir; HBeAg, hepatitis B e-antigen; HBV, hepatitis B virus; LAM, lamivudine; VBT, virological breakthrough.
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“detected” in six cases by COBAS AmpliPrep-COBAS
TagMan HBV test, there was no incidence of VBT: HBV
DNA levels of five patients were undetectable and that of
one patient was “detected” at the last follow-up point
after switching to ETV.

DISCUSSION

T PRESENT, LAM, ADV and ETV are only approved

for treatment of CHB patients in Japan. ETV has
become the first-line treatment for NA-naive patients,
because the ETV resistance is much less frequent than
LAM-resistance.***?! On the other hand, in switching
treatment to ETV for LAM-resistant CHB patients, the
frequency of ETV resistance was increased.'”?*#-?" It has
also been reported that ADV add-on treaunent sup-
pressed HBV replication more effectively than ETV
or ADV monotherapy in patients with LAM-resistant
CHB.?? Therefore, it is desirable to examine LAM-
resistant mutants before switching to ETV in patients
treated with LAM. However, as the assay for the LAM-
resistant mutants is not covered by the Japanese health
insurance system at present, the Japanese guidelines for
CHB management after LAM therapy were based on
HBV DNA, duration of LAM administration and inci-
dence of BTH (Table 1).” In patients treated with LAM
for more than 3 years, maintaining HBV DNA of less
than 2.6 log copies/mL or HBV DNA of 2.6 log
copies/mL or more without BTH, LAM-continuous treat-
ment was recommended because in these patients,
LAM-resistance might exist, and switching treatment to
ETV might cause ETV-resistance. It was reported that
although LAM-resistant strains were detected in 34%
cases treated with LAM for more than 3 years and whose
HBV DNA level was suppressed to less than 2.6 log
copies/mL, switching to ETV maintained undetectable
HBV DNA level over 2 years.”” In addition, Kurashige
et al. reported that LAM-to-ETV switching treatinent
maintained an undetectable HBV DNA level in patients
with baseline HBV DNA of less than 2.6 and 2.6 to less
than 4.0 log copies/ml. for a period of ETV treatment
ranging 10-23 (median 20) months®® In the present
study, randomized controlled trial evidenced that
switching treatment to ETV or LAM-continuous treat-
ment would be recommended in CHB patients treated
with LAM for more than 3 years and maintained HBV
DNA of less than 2.6 log copies/mL. Interestingly, even
though HBV DNA had been suppressed to less than 2.6
log copies/mL, a high rate of VBT was observed in
the LAM group, whereas no VBT over 24 months was
observed in the ETV group. Of the six patients with VBT,

© 2011 The Japan Society of Hepatology
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LAM group (n = 15)
HBY DNA < 2.6 logcopies/mL

ETV group (n = 11)
HBV DNA < 2.6 logcopies/mL

l

Measured HBY DNA by TagMan PCR

i

Measured HBV DNA by TagMan PCR

T~

not detected detected 22,1 not detected detected
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{VBT(h=1) | VBT(=4) | [ VBT(=1) | [VBT(n=0 | | VvBT(n=0)]

Figure 3 Incidence of virological breakthrough (VBT) based on the hepatitis B virus (1BV) DNA level at baseline by COBAS
AmpliPrep-COBAS TagMan HBV test {TagMan PCR). The subsequent occurrence of VBT according to the DNA level by TagMan
PCR (not detected/detected/2.1 to <2.6 log copies/mL) was evaluated. In the lamivudine (LAM) group, VBT was observed in five
of the 10 cases in which the results were either “detected” or 22.1 log copies/mL and in one of the five "not detected” cases. On the
other hand, HBV DNA levels in the entecavir (ETV} group were “detected” in six, but there was no incidence of VBT.

five had no 1AM resistance at baseline. However, the
LAM resistance of rtM204V and rt1.180M were found in
all the patients with VBT in the LAM group. Moreover, a
retrospective assessment by COBAS AmpliPrep-COBAS
TaqMan HBV test showed that HBY DNA was detectable
in 10 patients in the LAM group and six patients in the
ETV group. Only five of the 10 patients in the LAM
group had VBT, but none in the ETV group. In addition,
one patient had VBT in the LAM group even though
DNA was not detected by the TagMan test, suggesting
that switching to ETV was preferable. Hence, our data
supported the 2010 Japanese guidelines which recom-
mend switching to ETV in patients whose HBV DNA
levels are less than 2.1 log copies/mL by TagMan PCR.

A potential limitation of the present study is that the
number of the cases was small. Nevertheless, our ran-
domized controlled trial indicated significant difference
in the inddence of VBT between the LAM and EIV
groups. Therefore, this study is valuable for the purpose
of verifying the 2007-2008 guidelines in Japan. In the
present study, although no LAM-resistant mutant was
observed in the ETV group at baseline, a very low level
of LAM-resistant mutants may derive ETV resistance for
long-term therapy. The results of switching to ETV in
the present study were favorable during the 24-month
observation period, but we have to be careful of pos-
sible emergence of ETV-resistant mutants in long-term
follow up.

In conclusion, in patients treated with LAM for more
than 3 years maintaining HBV DNA of less than 2.6 log

© 2011 The Japan Sodety of Hepatology
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copies/ml, switching treatment to ETV is recommended
in at least a 2-year follow-up period.
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We focused on determining the most accurate\and convenient genotyping methods and most appropriate
single nucleotide polymorphism (SNP) among four such polymorphisms associated with interleukin-28B
(IL-28B) in order to design tailor-made therapy for patients with chronic hepatitis C virus (HCV) patients.
First, five different methods (direct sequencing, high-resolution melting analysis [HRRM], hybridization probe
[HP], the InvaderPlus assay [Invader], and the TagMan SNP genotyping assay [TagMan]) were developed for
genotyping four SNPs (rs11881222, rs8103142, rs8099917, and rs12979860) associated with IL-28B, and their
accuracies were compared for 292 Japanese patients. Next, the four SNPs associated with IL-28B were
genotyped by Invader for 416 additional Japanese patients, and the response to pegylated interferon/ribavirin
(PEG-IFN/RBYV) treatment was evaluated when the four SNPs were not in linkage disequilibrium (L.D). HRM
failed to genotype one of the four SNPs in five patients. In 2 of 287 patients, the results of genotyping rs8099917
by direct sequencing differed from the results of the other three methods. The HP, TagMan, and Invader
methods were accurate for determination of the SNPs associated with TL-28B. In 10 of the 708 (1.4%) patients,
the four SNPs were not in LD. Eight of nine (88.9%) patients whose rs8099917 was hemozygous for the major
allele were virological responders, even though one or more of the other SNPs were heterozygous. The HP,
TagMan, and Invader methods were suitable to determine the SNPs associated with IL-28B. The rs8099917
polymorphism should be the best predictor for the response to the PEG-IFN/RBYV treatment among Japanese

chronic hepatitis C patients.

Hepatitis C virus (HCV) infection is a global health prob-
lem, with worldwide estimates of 120 to 130 million carriers
(7). Chronic HCV infection can lead to progressive liver dis-
ease, resulting in cirrhosis and complications, including decom-
pensated liver disease and hepatocellular carcinoma (25). The
current standard of care treatment for suitable patients with
chronic HCV infection consists of pegylated alpha 2a or 2b
interferon (PEG-IFN) given by injection in combination with
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oral ribavirin (RBV), for 24 or 48 weeks, dependent on HCV
genotype. Large-scale treatment programs in the United States
and Europe showed that 42 to 52% of patients with HCV
genotype 1 achieved a sustained virological response (SVR) (3,
8, 13), and similar results were found in Japan. This treatment
is associated with well-described side effects (such as a flu-like
syndrome, hematologic abnormalities, and neuropsychiatric
events) resulting in reduced compliance and fewer patients
completing treatment (2). It is valuable to predict an individ-
ual’s response before treatment with PEG-IFN/RBV to avoid
these side effects, as well as 1o reduce the treatment cost. The
HCV genotype, in particular, is used to predict the response:
patients with HCV genotype 2 or 3 have a relatively high rate
of SVR (70 to 80%) with 24 weeks of treatment, whereas those
infected with genotype 1 have a much lower rate of SVR
despite 48 weeks of treatment (8).

Recently, we reported from genome-wide association stud-
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TABLE 1. Characteristics of the patients examined

Result for:
Parameter 1st stage 2nd stage
(n = 292) (n = 416)
Age (yr) 572 %102 56.6 = 10.9
No. of patients male/female 145/147 194/222
No. (%) of patients in institution®:
| 18 (6.2) 0(0)
2 178 (61.0) 0(0)
3 57 (19.5) 0(0)
4 39 (13.3) 0(0)
5 0(0) 249 (59.9)
6 0 (0) 94 (22.6)
7 0 (0) 52 (12.5)
8 0(0) 21 (5.0

¢ Institutions: 1, The Research Center for Hepatitis and Immunology, Na-
tional Center for Global Health and Medicine; 2. The Center for Liver Diseases,
Shin-Kokura Hospital, Kitakyushu; 3, Tonami General Hospital, Tonami; 4,
Department of Internal Medicine, Virology and Liver Unit, Hokkaido University
Graduate School of Medicine, Sapporo; 5, Clinical Research Center, NHO
Nagasaki Medical Center, Nagasaki; 6, Nagoya City University Graduate School
of Medical Sciences, Nagoya; 7, Department of Gastroenterology and Hepalol-
ogy, Nagoya Daini Red Cross Hospital; and 8, Division of Gastroenterology.
Department of Medicine, Kawasaki Medical School, Okayama.

ies (GWAS) that several highly correlated common single nu-
cleotide polymorphisms (SNPs), located in the vicinity of the
lambda 3 interferon (IFN-A3), coded for by the interleukin-
28B (IL-28B) gene on chromosome 19, are implicated in non-
virological response (NVR) to PEG-IFN/RBY among patients
with HCV genotype 1 (21). At almost exactly the same time as
our report, the association between response to PEG-IFN/

A

Five different methods (Direct sequencing, HRM, HP, invader, and TagMan) were
evaluated for genotyping four SNPs associated with IL28B: n=292

s Exciude HRM analysis because of frequent
genotyping failures: 5 (1.7%)

J. CLIN. MICROBIOL.

RBYV and SNPs associated with IL-28B was reported from the
results of GWAS by two other groups (6, 19). Determination of
these SNPs associated with IL-28B before PEG-IFN/RBV
treatment will provide extremely valuable information, be-
cause the patients predicted as showing NVR to PEG-IFN/
RBYV treatment could avoid the treatment. There are two
questions to be asked before using these SNPs in clinical prac-
tice: (i) which methods for genotyping these SNPs are efficient,
and (il) which SNP is most informative in cases where the SNPs
are not in linkage disequilibrium (LD)? We have developed
five different methods for detecting the SNPs associated with
IL-28B and compared their accuracies to establish the most
cfficient genotyping method. The response to PEG-IFN/RBV
treatment was evaluated, when the SNPs associated with IL-
28B were not in LD, to determine the best SNP to predict the
response to PEG-IFN/RBYV treatment.

MATERIALS AND METHODS

Study population. Samples were obtained from 708 Japanese chronic hepatitis
C patients and divided into groups of 292 patients (145 males and 147 females;
mean age, 57.2 years) and 416 patients (194 males and 222 females; mean age,
56.6 years) for the first and second stages (Table 1). In the first stage, we focused
on analyzing the effective methods for determining the genotypes of four SNPs
(rs11881222, rs8103142, rs12979860, and rs&099917) associated with TL-28B (Fig.
1A). Figure 2 shows the locations of these four SNPs in chromosome 19;
511881222 and 158103142 are located in the TL-28B gene, and rs12979860 and
158099917 are located downstream (rom the IL-28B gene. The results of geno-
typing the four SNPs by five different methods, described below, were compared
and evaluated for consistency. For this first stage, the 292 chronic hepatitis C
patients were recruited {rom the National Center for Global Health and Medi-
cine, Hokkaido University Hospital, Tonami General Hospital, and Shin-Kokura
Hospital in Japan (Table 1). From the results of the first stage, the InvaderPlus
assay was chosen as one of the best methods to determine the genotypes of the
four SNPs associated with IL-28B and was used for genotyping 416 patients (Fig.

B

Four SNPs associated with IL28B were genotyped by Invader Plus
assay: n=416

Four different SNPs associated with 1L.28B were not
inLD: 6 (1.4%)

—>| (Haplotype among the four SNPs (Table 3) and the
response {o interferon therapy in six patients are shown
.in Table 4 [Case 4-8 and 10])

=287 (Results of genotyping among four SNPs are shown in Table 1)

Four different methaods could determine the genotypes of four SNPs associated with [L28B:

Inconsistent results of genotyping among four different
methods for each SNP: 2 (0.7%)

{Genotyping for the rs8099917 by direct sequencing was
inconsistent with other methods: Table 2)

Consistent results of genotyping among four different methads for each SNP: 285
(99.3%)

Four different SNPs associated with 11288 were in LD: 410/416 (98.6%) J

therapy in four patients are shown in Table 4 [Cases 1-3 and 9}

Four different SNPs associated with [L28B were not in LD: 4 (1.4%)
> (Haplotype among four SNPs (Table 3A) and the response to interferon

Four different SNPs associated with 1L28B were in LD: 281/285 (98.6%) -)

FIG. 1. Schema for the flowchart of the examinations.
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FIG. 2. Location of interferon lambda genes and the four SNPs (rs11881222, rs8103142, rs12979860, and rs8099917) associated with IL-28B.
chrl9, chromosome 19.

1B), recruited from NHO Nagasaki Medical Center, Nagoya City University
Hospital, Nagoya Daini Red Cross Hospital, and Kawasaki Medical University
Hospital in Japan, iu the second stage (Table 1). We then focused on 10 patients
whose four SNPs were found in the first and second stages not to be in LD and
investigated the response to PEG-IFN/RBV treatment in detail for these pa-
tients. Informed consent was obtained {rom each patient who participated in the
study. This study was conducted in accordance with provisions of the Declaration
of Helsinki.

Definition of treatment responses. Nonvirological response (NVR) was de-
fined as less than a 2-log-unit decline in the serum level of HCV RNA from the
pretreatment baseline value within the first 12 weeks or detectable viremia 24
weeks after treatment. Virological response (VR) was defined in this study as the
achievement of sustained VR (SVR) or transient VR (TVR); SVR was defined
as undetectable HICV RNA in serum 6 months after the end of treaiment,
whereas TVR was defined as a reappearance of HCV RNA in serum after
treatment was discontinued in a patient who had undetectable HCV RNA during

the therapy or had achieved a more than 2-log-unit decline within the first 12
wecks after treatment.

DNA extraction. Whole blood was collected from all participants and centri-
fuged to separate the buffy coat. Genomic DNA was extracted from the buffy
coat with Genomix (Talent SRL, Italy). .

Five different genotyping methods. Four SNPs (rs11881222, rs8103142,
1512979860, and rs8099917) (Fig. 2) were determined in 292 patients by five
different genotyping methods. We developed the five methods (direct sequenc-
ing, high-resolution melting analysis [HIRM], hybridization probe (HP), Invader-
Plus assay (Invader), and the TagMan SNP genotyping assay (TaqMan) to
determine the genotypes of the 511881222 and rs8103142 polymorphisms. We
also developed four different methods (direct sequencing, HRM, HP, and In-
vader) to determine the genotypes of the rs12979860 and rs8099917 polymor-
phisms. The genotype of rs12979860 was also determined by the TagMan geno-
typing method developed by Duke University, and the genotype of rs8099917 was
also determined with the TaqMan predesigned SNP genotyping assay. Figures 3,

rs76964126

| Novel SNP (G/A) |

rs8113007

/l invader F ]

rs8099917 (T/G)

GRAABABRRACATCAS ‘CTATAACT’.?CF—\CCATCCTCCTC&I‘CZxTCCCTCA?éCCACTTCTGGAACAhATCGTCCCAATA» ATAGCAATTTTCCATGTGTTTAT

Sequence and HP F

ATTTCACCTCCTGGAGGTARRTATTTTTTAACAATTTIGTICACTGTITCCTCCTTTTGTT

Invader probe

HP probe

e,
HP probe

ECBECATGGCCCETCAATTTAGGATRATTTGAGGTGEGGTTGATACCAGAACGCCTTTATARRAGCGATTGG

Invader R

AGTTCCIGGGGCCAGCATEEETCAGEGGCCTCATCCACAGGCCTAAAGGRAGGECAGAGGET R

G_gCTTTTTATGTCTTACCATTATCTCTCA‘.‘{‘;’TGCATTCTCCQACATCTTTAATTATAGC;’_G_I‘ATCAGTTAGGGCC!CAGCAGGAA ]
- R

Sequence and HP R HRM
AGTRARGGCAAATGACARGAGCTAGTGCA

AGGETGTGCATGTGGTTGCCTGACTTGEGGAGGAGA

rs73541958

FIG. 3. The nucleotide sequence around r$8099917 is shown. Primers and probes for four different methods (Sequence, direct sequencing;
HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay) to determine 1s8099917 polymorphism are shown.

F, forward primer; R, reverse primer.
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TagMan Fee’

Invader F for rs8103142 J I tnvader R fof rs11881222
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B F T RGO
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rs11881222 (AIG)
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B R R R R T R

sl rrsarenace caates
VA Eov i s B,
Taqian Probe HP Probe TagMan R
Sequence R for rs11881222
GCTGEH CARGEIG IO GEOTTE A TN C oI T TOR OO TR A AT TRI T A DIDT

D R L I A R N I YRR R R T

HRMR

TaqMan F

T O SR TR SRR,

TR

PO srreencerresesmaariegircetsh s nseararenes
>

TR TTA SR TS

L R R R R R N R R R R R i R R R S R AR
»

TaqMan Pr'(;bef'

. ~TagMan R
HP R
CAGGGTEGAGECTAGC

A

FTCRAGGRAGCTGEGAGT — - =~ m v m m oo

o T CTTCECTCARCARAR, TC. s v v v v v e AR LLGLT

FIG. 4. The nucleotide sequence around rs118381222 and rs8103142 is shown. Primers and probes for five different methods (Sequence, direct
sequencing; HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay; TagMan, TagMan assay) to determine
rs11881222 and rs8103142 polymorphisms are shown. F, forward primer; R, reverse primer.

4, and 5 show the primers and probes for each genotyping method. Because the
sequence of IL-28B is very similar to those of IL-28A, IL-29. and a homologous
sequence upstream of IL-28B, we had to design the primers and probe for each
method to distinguish IL-28B from the other sequences. First, primers were
designed with Visual OMP Nucleic Acid software, and then we confirmed that
the candidate primers should not amplify sequences other than the target region
by using UCSC Genome Browser. Next, we confirmed that the amplicon was
resolved as a single band, when the PCR products amplified by the primers under
evaluation were electrophoresed. Finally, we had to optimize each set of primers
and probe for each method (Fig. 3 to 5; see the table in the supplemental
material).

Direct sequencing. PCR was carried out with 12.5 wl AmpliTaq Gold 360
master mix (Applicd Biosystems). 10 pmol of cach primer, and 10 ng of genomic
DNA under the following thermal cycler conditions: stage 1, 94°C for S min;
stage 2, 94°C for 30 s, 65°C for 30 s, 72°C for 45 s, for a total of 35 cycles: and
stage 3, 72°C for 7 min. For sequencing, 1.0 pl of the PCR products was
incubated with the use of a BigDye Terminator v3.1 cycle sequencing kit (Ap-
plied Biosystems). Aller ethanol purification, the reaction products were applied
to the Applied Biosystems 3130xl DNA analyzer.

HRM analysis. HRM analysis was performed on a LightCycler 480 (LC480;
Roche Diagnostics) as described previously (5, 15, 24). We designed pairs of
primers flanking each SNP (Fig. 3 to 3) to amplify DNA fragments shorter than
200 bp. PCR was performed in a 20-pl volume containing 10 ul LightCycler 450
high-resotution melting master mix (Roche Applied Science), 4 pmol of cach
primer, and 10 ng genomic DNA. The cycling conditions were as follows: SYBR
green I detection format, 1 cycle of 95°C for 10 min and 50 cycles of 95°C for 5 s,
60°C for 10s, and 72°C for 20's, followed by an HRM step of 95°C for 1 min, 40°C
for 1 min, and 74°C for 5 ¢ and continuous acquisition to 90°C al 25 acquisitions
per 1°C. HRM data werc analyzed with Gene Scanning software (Roche Diag-
nostics).

Hybridization probe. We designed oligonucleotide primers and hybridization
probes for the four SNPs (Fig. 3 to 3). All assays were performed with the LC480
as described previously (4, 18). The amplification mixture consisted of 4 1 of 5/
reaction mixture (LightCycler 480 genotyping master; Roche Diagnostics), 5
pmol of each oligonucleotide primer, 3.2 pmol of each oligonucleotide probe,
and 10 ng of template DNA in a final volume of 20 pl. Samples were amplified

as follows: 45 cycles of denaturation at 95°C for 10 s, annealing at 60°C for 10 s,
and extension at 72°C for 20 s. The generation of target amplicons for each
sample was monitored between the annealing and elongation steps al 610 and
640 nmn. Samples positive for target genes were identified by the instrument at the
cycle number where the fluorescence attributable to the target sequences ex-
ceeded that measured as background. Those scored as positive by the instrument
were confirmed by visual inspection of the graphical plot (cycle number versus
fluorescence value) generated by the instrument.

InvaderPlus assay. The InvaderPlus assay, which combines PCR and the
Invader reaction (11, 12), was performed with the LC480. The enzymes used in
InvaderPlus are native Tug polymerase (Promega Corporation, Madison, WT)
and Cleavase enzyme (Third Wave Technologies, Madison, WI). The reaction is
configured 1o use PCR primers with a melting temperature (7,,) of 72°C and
Invader detection probe with a target-specific T,,, of 63°C. The Invader cligonu-
cleotide overlaps the probe by one nucleotide, forming at 63°C an overlap flap
substrate for the Cleavase enzyme. The first step of InvaderPlus is PCR target
amplification, in which the reaction is subjected to 18 cycles of a denaturation
step (95°C for 15 s) and hybridization and extension steps (70°C for 1 min). At
the end of PCR cycling, the reaction mixture is incubated at 99°C for 10 min to
inactivate the 7ug polymerase. Next, the reaction temperature is lowered to 63°C
for 15 to 30 min to permit the hybridization of the probe oligonucleotide and the
formation of the overlap flap structure. Data were analyzed by endpoint geno-
typing software (Roche Diagnostics).

TagMan assay, The rs8099917 polymorphism was determined by using
TagMan predesigned SNP genotyping assays, as recommended by the manufacturer.
The TagMan assay for determination of the genotype of rs12979860 was kindly
provided by David B. Goldstein at Duke University. We designed primers and
probes for TagMan genotyping assays for the other two SNPs. Each genomic
DNA sample (20 ng) was amplified with TagMan universal PCR master mix
reagent (Applied Biosystems, Foster City, CA) combined with the specific
TagMan SNP genotyping assay mixture, corresponding to the SNP to be genotyped.
The assays were carried out using the LC480 (Roche Applied Science) and the
following conditions: 2 min at 50°C and 10 min at 95°C, followed by 40 cycles of
15 s at 95°C and 1 min at 60°C. Data were analyzed by endpoint genotyping
software (Roche Diagoostics).
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FIG. 5. The nucleotide sequence around rs12979860 is shown. Primers and probes for four different methods (Sequence, direct sequencing;
HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay) to determine rs12979860 are shown. F, forward

primer; R, reverse primer.

RESULTS

Genotyping for four SNPs associated with IL-28B was
unsuccessful by HRM in five cases. Figure 1A shows the
patients’ flowchart of the first stage. Genotyping of four
SNPs (rs11881222, rs8103142, rs12979860, and rs8099917) was
attempted by five different methods (direct sequencing, HRM,
HP, Invader, and TaqMan) for 292 patients. In five cases, one
of the four SNPs could not be genotyped by HRM. Therefore,
we excluded the HRM method from further study. The geno-
typing failures by HRM involved two cases for rs11881222, two
cases for rs8103142, and one case for rs8099917.

Consistencies of four different methods to determine geno-
types for four SNPs associated with IL-28B. Consistencies
among the results of genotyping by the remaining four meth-
ods were 100%, except for the results for rs8099917 (Table 2).
For rs8099917, the results determined by direct sequencing
were inconsistent with the other three methods in two cases
(Tables 2 and 3). The HP, TagMan, and Invader methods were
accurate and reliable for genotyping the four SNPs associated
with TL-28B. Invader was chosen for genotyping in the second
stage, because the analysis time was the shortest and the sen-

TABLE 2. Determination of four SNPs associated with TL-28B by
four different methods”

No. (%) of cases with genotype by:

SNP Genotype

. Direct HP Invader TaqMan
sequencing
rs11881222 AA 199 (69.3) 199 (69.3) 199 (69.3) 199 (69.3)
AG 84(29.3) 84(29.3) 84(293) 84(29.3)
GG 4(1.4) 4(1.4) 4(14) 4(1.4)
158103142 T 199 (69.3) 199 (69.3) 199 (69.3) 199 (69.3)
TC 84(29.3) 84(29.3) 84 (293) 84(29.3)
cC 4(1.4) 4(1.4) 4(14) 4(1.4)
1s12979860 CcC 198 (69.0) 198 (69.0) 198 (69.0) 198 (69.0)
CT 85(29.6) 85(29.6) 85(29.6) 85(29.6)
TT 4(1.4) 4(1.4) 4(1.4) 4(1.4)
158099917 T 204 (71.1) 202 (70.4) 202(704) 202 (70.4)
TG 79(275) 81(28.2) 81(282) 81(28.2)
GG 4(1.4) 4(1.4) 4(14) 4(1.4)

“ There was 100% consistency for rs11881222, rs8103142, and rs12979860, and
there was 99.3% consistency for rs8099917.
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TABLE 3. Inconsistency in two cases between rs8099917
genotyping by direct sequencing and three other methods

J. CLIN. MICROBIOL.

TABLE 4. Distribution of haplotypes among four SNPs associated
with IL-28B in stages 1 and 2

158099917 genotype by”:

Case no. -
Direct ]
scquencing HP Tnvader TagMan
1 TT T/G T/G TG
2 T T/G TG TIG

“ Homozygous genotypes are highlighted in boldface.

sitivity was the greatest of the three methods (HP, TagMan,
and Invader), as reported previously (20).

Genotyping error for rs8099917 by direct sequencing due
to novel SNP. In two cases, the results of genotyping for
158099917 by direct sequencing were inconsistent with the re-
sults by the other methods (Table 3). Direct sequencing deter-
mined the genotype for rs8099917 as T/T in cases 1 and 2;
however, the other three genotyping methods (HP, Invader,
and TagMan) determined the genotypes for rs8099917 as T/G
in both cases. Further study using alternative primers for direct
sequencing revealed that the correct genotypes were T/G and
revealed a novel minor SNP present in the forward primer
binding site in these two cases (data on file) and which inter-
fered with the PCR amplification step (Fig. 3).

Distribution of haplotypes among four SNPs associated
with IL-28B. In the first stage, the four SNPs were in LD in 281
(98.6%) of 285 cases and not in LD in the remaining 4 (1.4%).
The first stage revealed five different haplotypes (no. 1 to 5 in
Table 4). In haplotypes 1 to 3, the four SNPs were in LD
(haplotype 1, homozygous of the major allele among 4 SNPs;
n = 198 [69.5%]; haplotype 2, heterozygous among 4 SNPs;
n = 79 [27.7%]; and haplotype 3, homozygous of the minor
allele among 4 SNPs; n = 4 [1.4%]). In haplotype 4 (3 cases)
rs11881222, rs8103142, rs12979860, and rs8099917 were AG,
TC, CT, and TT, respectively. In haplotype 5 (one case),
rs11881222, rs8103142, rs12979860, and rs8099917 were AA,
TT, CT, and TT, respectively. Genotyping by the Invader
method of the four SNPs associated with IL-28B in 416 pa-
tients in the second stage revealed that the four SNPs were not
in LD in 6 cascs (1.4%) (Table 4). A total of 410 (98.6%) of
416 cases were in LD for the four different SNPs. The second
stage showed six different haplotypes (haplotypes 1 to 4, 6, and
7). Haplotypes 1 to 4 were detected in the first stage, but
haplotypes 6 and 7 were not. The distribution of haplotvpes
was such that haplotypes 1, 2, 3, and 4 were found in 294
(70.7%), 110 (26.5%), 6 (1.4%), and 4 (1.0%) cases, respec-
tively. In haplotype 6 (one case), 1511881222, rs8103142,
r$12979860, and rs8099917 were AG, TT, CC, and TT, respec-
tively. In haplotype 7 (one case), rs11881222, rs8103142,
1812979860, and rs8099917 were AA, TT, CT, and TG, respec-
tively.

Response to PEG-IFN/RBYV treatment in 10 cases in which
the four SNPs associated with TL-28B were not in LD. In 7
(cases 1 to 7 [70%]) of the 10 cases where the four SNPs were
not in LD, the haplotype was such that rs11881222, 58103142,
rs12979860, and rs8099917 were AG, TC, CT, and TT, respec-
tively (Table 5). In nine cases (cases 1 to 9), rs8099917 was
homozygous for the major allele, while one or more of the
other SNPs were heterozygous. Eight (cases 1 to 8) of these

Genotype for SNP: No. (%) of
Stage Haplotype ;asels with
- X . aplotype
rs11881222 1s8103142 1512079860 158099917 gy
1 1 AA TT CC TT 198 (69.5)
2 AG TC cT TG 79 (27.71)
3 GG cc T GG 4(14)
4 AG TC cT TT 3(1.0)
5 AA TT cT T 1(0.4)
2 1 AA T cc TT 294 (70.7)
2 AG TC CT TG 110 (26.5)
3 GG cC T GG 6 (1.4)
1 AG TC cT TT 4109
6 AG T cc TT 1(02)
7 AA T CT TG 1(0.2)

nine cases were viral responders who met the following crite-
ria: HCV had disappeared during therapy, or HCV RNA had
decreased more than 2 log copies/ml before 12 weeks after
beginning of therapy, although some cases were under treat-
ment or before determination of the final response to PEG-
TEN/RBV. Case 9 was NVR due to poor adherence of PEG-
IFN (<50% dose), even though rs8099917 was homozygous
of the major allele. The haplotype of case 9 showed that
rs11881222, rs8103142, rs12979860, and rs8099917 were AA,
TT, CT, and TG, respectively. NVR in case 10 was reasonable
from the genotypes of rs8099917 and rs12979860, because they
were heterozygous, although rs11881222 and rs8103142 were
homozygous for the major allele.

DISCUSSION

The relationship between SNPs associated with TL-28B and
the response to PEG-IFN/RBYV therapy for chronic hepatitis C
was found by SNP array, using GWAS technology, by three
different groups throughout the world, including our own, in
2009 (6, 19, 21). Following these reports, many studies have
confirmed the association between the response to PEG-IFN/
RBV and SNPs associated with IL-28B (14, 16). Therefore, it
is obvious that these SNPs may be valuable for predicting the
response to PEG-IFN/RBYV therapy. Recently, it was reported
that various SNPs were associated with development of disease
and response to therapy and correlated with adverse effects.
Several SNPs, such as the UGT1Al polymorphism for the
treatment with irinotecan (1, 17), have already been exploited
in clinical practice to avoid severe adverse effects. These
tailor-made therapies are expected to become more com-
mon in clinical practice in the near future (9). The next step
toward tailor-made therapy for PEG-IFN/RBV therapy
against chronic hepatitis C involved the development of sim-
ple, accurate, and inexpensive methods to determine the ge-
notype of SNPs and determination of the best SNP where the
four SNPs associated with IL-28B were not in LD, so that they
may be applied in clinical practice.

Genotyping of IL-28B SNPs is quite different from other
SNPs, because the sequence of IL-28B is very similar to those
of IL-28A, IL-29, and an additional homologous sequence
upstream of IL-28B (Fig. 2). We had to design primers and
probes for each method to distinguish IL-28B specifically. We
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TABLE 5. Clinical characteristics of 10 cases in which the SNPs associated with IL-28B were not in LD
Case SNP of IL-28B" Age Viral  Final response to _ Period of
a Gender ENoty| . AY 2 ce of
o 1611881222  rs8103142  rs12979860  rs8009917 U7 CMOWPSier  PEGIFNRBY V¢ NVR - disappearce of
1 AIG T/C C/T T/T 64  Female 1b 65 TR VR 4 wk
2 AlG T/C C/T T/T 72 Male 1b 29 SVR VR 4 wk
3 AlG T/C C/T T/T 64 Male 1b 7 ND* VR 8 wk
4 A/G T/C C/T T/T 51 Female 1b 7.2 Under treatment VR 3.6 log units down
after 12 wk
5 AIG T/C CT T/T 60 Female 2 5.8  Under treatment VR 12 wk
6 AlG T/C cT T/T 56  Female 1b 5.9  Under treatment VR 2.0 log units down
after 2 wk
7 AIG T/C C/T T/T 62 Male Ib 54 SVR VR 4 wk
8 AlG T/T C/C /T 58 Male 1b 62 TR VR 12 wk
9 AJA /T C/T T/T 68 Male 1b 7 NVR NVR —
10 AlA T/T Cc/T TIG 48  Female 1b 6 NVR NVR —

“ All cases shown were treated with PEG-IFN/RBV.
» Homozygous genotypes are highlighted in boldface.

“ND, not determined. The final response to PEG-IFN/RBV was not determined in this patient because 6 months had not passed after the end of treatment.

¢ — HCV did not disappear.

think that the results in this paper are especially applicable to
TL-28B genotyping. In this study, only HRM failed to deter-
mine the genotype of SNPs associated with IL-28B. The reason
HRM failed more frequently than the other genotyping meth-
ods is attributable to the characteristics of this specific method.
Because HRM determines the genotype of each SNP by dis-
tinguishing the melting curve of an amplicon of around 200 bp,
it may tend to be influenced by another SNP. As a matter of
fact, minor SNPs around rs8099917 were found in cases of
genotyping failure by HRM (data not shown). Although this
specific characteristic of the HRM method is useful for detect-
ing novel mutations or SNPs, it is not suitable for determina-
tion of the genotype of SNPs associated with IL-28B.

Direct sequencing erroneously reported the T/G genotype as
T/T for the rs8099917 polymorphism. We found that the cause
of this genotyping error was a novel rare SNP in the forward
primer binding site used for amplification and direct sequenc-
ing (data on file). Because this novel SNP was not registered as
an SNP in the NCBI database, the primer was designed at this
site. Since the novel SNP correlated with the 158099917 poly-
morphism in LD, adenine for the novel SNP is present on the
same allele as guanine in the rs8099917 polymorphism. There-
fore, the forward PCR primer (AAGTAACACTTGTITCCIT
GTAAAAGATTCC) could not anneal to the binding site,
which was changed {rom guanine (G) to adenine (A) at the
underlined nucleotide position: only the allele which has T at
the rs8099917 was amplified, the genotype was determined as
T/T. Rare sequence variations not registered in the database,
might be present in the primer binding sites {or amplifica-
tion and might be the cause of erroneous direct sequencing.
Tkegawa et al. reported that annealing efficiency in direct se-
quencing led to the mistyping of an SNP (10). Although our
results in this paper are especially applicable to IL-28B geno-
typing, it should be recognized that allele-dependent PCR am-
plification and erroneous typing can occur when SNPs are
genotyped by a PCR-based approach. Should SNPs associated
with IL-288 be found not to be in LD, it would be preferable
to confirm the genotype by another method.

In 10 cases, four SNPs associated with IL-28B were not in
LD. In seven (70%) of the 10 cases, the haplotype showed that

rs11881222, rs8103142, rs12979860), and rs8099917 were AG,
TC, CT, and TT, respectively. Only the rs8099917 polymor-
phism differed frequently from the other three SNPs. The
reason for the high frequency of this haplotype is thought to be
attributable to the Jocation of these SNPs. The location of
158099917 is downstream and quite far from the two SNPs
(rs11881222 and rs8103142) in the IL-28B gene (Fig. 2). The
SNPs rs11881222 and rs8103142 were almost perfectly in LD,
because they are located close (o each other.

It is well described that homozygosity for the major allele of
SNPs associated with IL-28B is correlated with a better re-
sponse to PEG-IFN/RBV treatment, and minor allele-positive
patients are poor responders. However, the response to PEG-
IFN/RBV remains unknown when several SNPs associated
with IL-28B are not in LD. Because cases in which the SNPs
are not in LD are quite rare, it was thought to be difficult to
study such cases. In this study, 10 (1.4%) of 708 palients
showed haplotypes in which the four SNPs were not in LD. We
focused on the response to PEG-IFN/RBYV therapy in these 10
cases (Table 5). We evaluated the response to PEG-IFN/RBV
treatment from the viewpoint of virological response, because
some patients had not completed their PEG-IFN/RBV treat-
ment. (Case 3 was before determination for the final response
after finishing the treatment, and cases 4 to 6 were under
treatment.)

Thomas et al. reported that allele frequencies for
1$12979860 varied among racial and ethnic groups (23). In-
deed, the observation that the major allele is less frequent
among individuals of African descent than those of European
descent might explain the observed discrepancy in the frequen-
cies of viral clearance in these two ethnic groups, where clear-
ance occurs in 36.4% of HCV infections in individuals of non-
Alrican ancestry, but in only 9.3% of infections in individuals
of African ancestry (22). We have recruited only Japanese
chronic hepatitis C patients for this study. Since the distribu-
tion of haplotype and response to PEG-IFN/RBV treatment
should vary among populations, further study will be necessary
for any other populations except Japanese.

We have shown that the rs8099917 polymorphism deter-
mined by Invader assay should be the best predictor of the
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response to PEG-IFN/RBV in Japanese chronic hepalitis C
patients.
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Abstract

AIM: To analyze the efficacy and safety of a combina-
tion therapy of pegylated interferon (PEG-IFN) a-2b
plus ribavirin (RBV) in older Japanese patients (65 years
or older) infected with hepatitis C virus (HCV).

METHODS: This multicenter study included 938 pa-
tients with HCV genotype 1 who received 1.5 ug/kg
per week PEG-IFN o-2b plus RBV 600-1000 mg/d for
48 wk and 313 HCV genotype 2 patients who received
this treatment for 24 wk.

RESULTS: At 24 wk after the end of combination
therapy, the overall sustained virological response (SVR)
for genotypes 1 and 2 were 40.7% and 79.6%, respec-
tively. The SVR rate decreased significantly with age in
each genotype, and was markedly reduced in genotype
1 (P < 0.001). Moreover, the SVR was significantly
higher in patients with genotype 1 who were less than
65 years (47.3% of 685) than in those 65 years or older
(22.9% of 253) (P < 0.001) and was higher in patients
with genotype 2 who were less than 65 years (82.9%
of 252) than in those 65 years or older (65.6% of 61)
(P = 0.004). When patients received a dosage at least
80% or more of the target dosage of PEG-IFN a-2b and
60% or more of the target dosage of RBV, the SVR rate
significantly increased to 66.5% in patients less than
65 years and to 45.2% in those 65 years or older (P <
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0.001). Adverse effects resulted in treatment discontinu-
ation more often in patients with genotype 1 (14.4%)
than in patients with genotype 2 (7.3%), especially by
patients 65 years or older (24.1%).

CONCLUSION: PEG-IFN a-2b plus RBV treatment was
effective in chronic hepatitis C patients 65 years or older
who completed treatment with at least the minimum ac-
ceptable treatment dosage.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a major cause of
chronic liver disease, affecting 170 million individuals
wortldwide™. Tt is well known that patients with chronic
hepatitis C eventually develop hepatocellular carcinoma
(HCC)®. Previous studies have made clear that interferon
(IFN) treatment is effective for eliminating HCVPY and
that it significantly reduces the progression of liver fibrosis
and the risk of HCCPY. Antiviral treatment for chronic
hepatitis C has greatly improved, and the combination
treatment of pegylated (PEG)-IFN o-2b plus ribavirin
(RBV) has been approved and recommended in Japan
since 2004, as the first choice for chronic hepatitis C. This
combination treatment attained a sustained virological
response (SVR) rate of 50%-60% for genotype 1 in the
United States and Burope!”. However, SVR was relatively
low (42.4%) in Japan®, where chronic hepatitis C patients
are older, indicating that older patients did not respond
well to IFN treatment®. Moreover, the combination treat-
ment was associated with more adverse effects than IFN
monotherapy”'”. Older patients who have decreased car-
diovasculat, pulmonary and renal function have a higher
incidence of adverse effects than younger patients. The
rate of discontinuation due to adverse effects was re-
potted to be significantly higher in patients aged 65 years
ot more than in those less than 65 years"". Older patients
with HCV infection ate at risk for progressive liver disease.
It was reported that clearance of HCV after IFN therapy
significantly reduces the incidence of HCC and death in
older chronic hepatitis C patients'™'?. Tkeda er al" dem-
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onstrated that IFN treatment is needed for 65-70-year-old
patients with chronic hepatitis C to prevent the occurrence
of HCC. We also consider older patients to be acceptable
candidates for antiviral treatment to prevent the develop-
ment of HCC, and previously reported that monotherapy
with natural IFN o was not effective in older patients”.
Therefore, in an attempt to ameliorate these problems,
we decided to treat older patients with a combination of
PEG-IEN plus RBV therapy.

Little data concerning the response and safety of this
combination treatment in a large number of older pa-
tents with chronic HCV infection has been published. A
multicenter study of the efficacy and safety of antiviral
treatments for Japanese patients with chronic liver disease,
the Kyushu University Liver Disease Study (KULDS), was
launched in 2003%'. The present prospective study was
carried out to analyze the efficacy and safety of the com-
bination treatment of PEG-IFN q-2b plus RBV in older
patients.

MATERIALS AND METHODS

Patients

Treatment of chronic hepatitis C with a combination of
PEG-IFN o-2b plus RBV was accepted by the Japanese
Ministry of Health in Octobet, 2004. We used this combi-
nation treatment from December 2004 to July 2008, and
enrolled chronic hepatitis C patients with exclusion criteria
which included: (1) clinical or biochemical evidence of
hepatic decompensation, advanced cirrhosis identified by
bleeding, high-risk esophageal vatices, history of gastro-
intestinal bleeding, ascites, encephalopathy, or HCC; (2)
hemoglobin level < 11.5 g/L, white blood cell count < 3
% 10°/L, and platelet count < 50 X 10°/L; (3) concomitant
liver disease other than hepatitis C (hepatitis B surface an-
tigen positive or HIV positive); (4) excessive active alcohol
consumption > 60 g/d or drug abuse; (5) severe psychiattic
disease; or (6) antiviral or corticosteroid treatment within
12 mo prior to enrollment. Patients who fulfilled the above
criteria were recruited at Kyushu University Hospital and
32 affiliated hospitals in the northern Kyushu area of
Japan. We have treated 2270 Japanese patients aged 18
years ot older with PEG-IFN o-2b plus RBV. All patients
who wete positive for both antibody to HCV and HCV
RNA for over 6 mo were enrolled in KULDS. Three
months before the start of treatment and every 3 mo
during the treatment period, each patient was tested for
o-fetoprotein (AFP) and had an abdominal ultrasono-
graphic examination. If an abnormal AFP level of 40 ng/
mL and/or focal lesions on ultrasonographic examination
wete found at any testing, further testing for HCC was car-
tied out, which included dynamic computed tomography,
and angiography. Patients confirmed to have HCC within 3
mo after starting treatment were excluded from this study (#
= 14). Of 2270 patients, 1021 were currently under com-
bination treatment or we were not yet able to judge the
effect of the combination treatment. This left the data of
1251 patients (938 with genotype 1 and 313 with genotype
2) available for analysis.
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IFN: Interferon; RBV: Ribavirin; HCV: Hepatitis C virus.

IEN: Interferon; RBV: Ribavirin; HCV: Hepatitis C virus.

Informed consent was obtained from all patients be-
fore enrollment in this study. The study was conducted in
accordance with the ethical guidelines of the Declaration
of Helsinki and the International Conference on Harmo-
nization of guidelines for good clinical practice.

Table 1 (genotype 1) and Table 2 (genotype 2) show
the baseline characteristics of the enrolled patients, who
were further classified into four groups according to age
and genotype status: group A, genotype 1 aged less than
65 years (n = 685); group B, genotype 1 aged 65 years or
older (n = 253); group C, genotype 2 aged less than 65 yeats
(n = 252); and group D, genotype 2 aged 65 or older (» =
61). In group B, body mass index, prior combined IFN plus
RBV treatment, alanine aminotransferase, albumin, white
blood cell count, hemoglobin, platelet count, and creati-
nine clearance calculated using the Modification of Diet in
Renal Disease equat'lon[ls] wete significantly lower than in

%
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group A (P < 0.010). In group D, albumin, hemoglobin,
platelet count, creatinine clearance and serum HCV RNA
level were significantly lower than in group C (P < 0.010).
The percentage of patients with platelet counts below 10
X 10'°/L was significantly higher in group B (36 of 253,
14.2%) than in group A (56 of 685, 8.2%) (P = 0.006),
however, there was no significant difference between group
C (16 of 252, 6.3%) and group D (7 of 61, 11.5%).

Liver histology

Liver biopsy was performed in 555 patients (59.2%) with
genotype 1 and 209 patients (66.8%) with genotype 2. The
other patients refused liver biopsy. Fibrosis was staged on
a 0-4 scale as follows: FO = no fibrosis, F1 = portal fibro-
sis without septa, F2 = portal fibrosis with few septa, F3
= numetous septa without cirthosis, F4 = cirrhosis. Liver
fibrosis was mote advariced in group B than in group A
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and was more advanced in group D than in group C (P =
0.008, P < 0.001, respectively).

Treatment regimen

All patients were treated with a weight-based, 1.5 pg/kg
weekly dose of subcutaneous PEG-IFN ¢-2b (Peglntron,
Schering-Plough, Osaka, Japan), in combination with
RBV (Rebetol, Schering-Plough), which was given orally
at a daily dose of 600-1000 mg based on body weight
(600 mg for patients weighing less than 60 kg, 800 mg for
those weighing 60-80 kg, and 1000 mg for those weigh-
ing 80 kg or over). The length of treatment was 48 wk
for patients with HCV genotype 1 and 24 wk for patents
with genotype 2. The above duration and dosage are those
approved by the Japanese Ministry of Health, Labor and
Welfare. Patients were considered to have RBV-induced
anemia if the hemoglobin level decreased to less than
100 g/L. In such cases, a reduction in the dose of RBV
- was required. Patients aged 65 years or older had a signifi-
cantly higher frequency of RBV dose reduction duting
the treatment petriod than those aged less than 65 years
old (HCV genotype 1: group A o5 group B, 41.2% s
49.0%, P = 0.032, genotype 2: group C 2s group D, 28.6%
vs 54.1%, P < 0.001). Some patients also had PEG-IFN
o-2b-induced psychological adverse effects or a decrease
in white blood cell and platelet counts. In such cases, a
reduction in the dosage of PEG-IFN q-2b was required.
Both PEG-IFN o-2b and RBV were discontinued if the
hemoglobin level, white blood cell count, or platelet count
fell below 85 g/L, 1 X 109/L, and 25 X lOg/L, respec-
tvely. The treatment was discontinued if severe general
fatigue, hyperthyroidism, interstitial pneumonia, or severe
hemolytic disorders developed, continuation of treatment
was judged not to be possible by the attending physician,
ot if the patient desired discontinuation of treatment.

Determination of baseline HCV RNA level and HCV
genotype

The pretreatment, baseline, serum HCV RNA. level was
measured by a quantitative HCV RINA polymerase chain re-
action (PCR) assay (COBAS Amplicor HCV Monitor Test
v 2.0 using the 10-fold dilution method; Roche Diagnostics,
Tokyo, Japarn), which has a lower limit of quantitation of
5000 TU (13500 copies)/mL (5 kIU/mL) and an outer limit
of quanttation of 5100000 TU/mL (5100 kTU/mL). The
HCV genotype was determined by type-specific primers
of the core region of the HCV genome. The protocol for
genotyping was cartied out as previously described®.

Efficacy of treatment .

End of treatment (EOT) response and SVR were defined
as serum HCV RNA undetectable at the end of treatment
and at 24-wk follow-up after the end of treatment, re-
spectively. EOT response and SVR were defined as non-
detectable HCV-RNA as measured by qualitative COBAS
Amplicor HCV Monitor Test v 2.0, with the results la-
beled as positive or negative. The lower limit of detection
was 50 TU/mL (0.5 kIU/mL). The analysis of EOT and
SVR was performed on an intention-to-treat basis.

&
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Statistical analysis

Continuous data are expressed as mean + SD. The statis-
tics were carried out using a commetcially available soft-
ware package (BMDP Statistical Software Inc., Los Ange-
les, CA, USA) for the IBM 3090 system computer. The
test, Fisher’s exact test and Kruskal-Wallis test were used to
determine the differences in baseline clinical characteristics,
safety, efficacy of the combination therapy, adherence to
the total dose, and the association between the adherence
and SVR. Logistic regression analysis was used to identify
the association between age and SVR. A P < 0.05 was con-
sidered significant.

RESULTS

EOT response rate by intention-to-treat analysis
Among patients with genotype 1, the EOT response
rate was significanty higher in group A (497 of 685,
72.5%) than in group B (129 of 253, 45.0%) (P < 0.001).
Among patients with genotype 2, there was no signifi-
cant difference between groups C (239 of 252, 94.8%)
and D (55 of 61, 90.1%).

SVR rate by intention-to-treat analysis

Of 1251 patients, 631 (50.4%) achieved SVR in the inten-
tion-to-treat analysis. The SVR rate was significantly high-
er for genotype 2 (249 of 313, 79.6%) than for genotype 1
patients (382 of 938, 40.7%) (P < 0.001). Among patients
with genotype 1, the SVR rate was significantly higher in
group A (324 of 685, 47.3%) than in group B (58 of 253,
22.9%) (P < 0.001). Among patients with genotype 2,
SVR was also significantly higher in group C (209 of 252,
82.9%) than in group D (40 of 61, 65.6%) (P = 0.004).
The rate of SVR was significantly higher for females
(113 of 128, 88.3%) than for males (96 of 124, 77.4%)

‘in group C only (Figure 1). Furthermore, we analyzed

whether or not the SVR rate differed according to the age
at which the combination treatment of PEG-IFN o-2b
plus RBV was started. The results showed that the SVR
rate decreased significantly with age for both genotype 1
and 2. SVR was achieved by 5.6%-26.3% of genotype 1
patients aged 70 years or older, and by 57.1%-100% of
genotype 2 patients aged 70 years or older (Figure 2).

We previously reported a minimum acceptable dose
of at least 80% or more of the target dosage of PEG-
IFN a-2b and 60% or more of the target dosage of RBV
for the successful treatment of Japanese patients with
genotype 1%, Therefore, we analyzed the SVR rates in pa-
tients with genotype 1 by the dosage they actually received
duting treatment (a total dose of at least 80% or more of
PEG-IFN ¢-2b and 60% or mote of RBV) (Table 3). The
number who received at least this minimum acceptable
dosage during treatment were 278 (40.6%0) of 685 patients
in group A and 62 (24.5%) of 253 in group B, significantly
lower in group B than in group A (P < 0.001). Compared
with patients who received less than the minimum ac-
ceptable dosage, in patients who received at least this
minimum dosage, the SVR rates increased from 34.2%
to 66.5% in group A patients and from 15.7% to 45.2%
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Minimum acceptable: patients who received 80% or more of the target dose of pegylated interferon (IFN) a-2b and 60% or more of ribavirin (RBV).
Reduced: Patients who received less than 80% of pegylated IFN o-2b and less than 60% of RBV. SVR: Sustained virological response.

A B
Group A (age < 65 yr) Group B (age = 65 yr)
100
80
P = 0.066
~ 60 ~
& 50.5 2
% 43.4 P =0.136 g
40
20
0 ]
Male Female Male Female
n= 374 311 122 131

Group C (age < 65 yr)
P =0.029

Group D (age = 65 yr)

100 1 P=0062"

80 | 78.6

54.5

40 -

20

Male
124
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n= 128 28 33

Figure 1 Virological response to the combination treatment by age and sex of patients with genotype 1 (A} and genotype 2 (B). SVR: Sustained virological

response.

(P < 0.001) in group B patients. No significant difference
between groups C and D was observed. On comparing
patients whose platelet count was under 10 X 10"°/L, the
SVR rate for genotype 1 was significantly lower in group
B (2 of 36, 5.6%) than in group A (16 of 56, 28.6%) (P <
0.001). Among the patients with genotype 2, SVR was not
significantly different between group C (9 of 16, 56.3%)
and group D (2 of 7, 28.6%).

In a comparison of the SVR rate in patients with or
without one or more previous courses of IFN plus RBY,
there was no significant difference between the genotypes
(genotype 1: 118 of 310, 38.1% us 264 of 628, 42.0%,
genotype 2: 44 of 72, 61.1% w5 141 of 241, 58.5%). Fur-
thermore, we compated the EOT response rate'and SVR
rate of cirrhosis patients whose liver fibrosis was F4, and
found no significant difference between groups A (EOT:
16 of 30, 53.3%, SVR: 7 of 30, 23.3%) and B (EOT: 6 of
17, 35.3%, SVR: 2 of 17, 11.8%). In addition, no significant
difference was found between groups C (EOT: 8 of 10,
80.0%, SVR: 6 of 10, 60.0%) and D (BEOT: 9 of 12, 75.0%,
SVR: 5 of 12, 41.7%).
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Discontinuation of PEG-IFN ¢~-2b plus RBV treatment
and adverse effects :

Of 1251 patients, 314 (25.1%) did not complete PEG-
IEN a-2b plus RBV treatment due to adverse effects or
other reasons. The discontinuation rate was significantly
higher in patients with genotype 1 (273 of 938, 29.1%)
than in those with genotype 2 (41 of 313, 13.1%) (P <
0.001) (Tables 4 and 5). Furthermore, the rate of discon-
tinuation due to adverse effects was significantly higher
in patients with genotype 1 (135 of 938, 14.4%) than in
those with genotype 2 (23 of 313, 7.3%) (P < 0.010). The
rates of discontinuation due to lack of treatment efficacy
and for economic reasons (loss of job, inability to pay the
medical costs) were also significantly higher in patients
with genotype 1 (55 of 938, 5.9%, 15 of 938, 1.6%) than
in those with genotype 2 (1 of 313, 0.3%, 0 of 938, 0%) (P
< 0.001 and P = 0.025, respectively).

For genotype 1 patients, the discontinuation rate was
significantly higher in group B (106 of 253, 42.9%) than in
group A (167 of 685, 24.4%) (P < 0.001), and the rate of
discontinuation due to advetse effects was also significantly
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Figure 2 Virological response to the combination treatment by age of patients with genotype 1 (A) and genotype 2 (B). SVR: Sustained virological response;

Cl: Confidence interval.

higher in group B (61 of 253, 24.1%) than in group A (74
of 685, 10.8%) (P < 0.001). General fatigue was the most
frequent adverse effect, and was significantly more frequent
in group B than in group A (P < 0.001). However, in these
group 1 patients, RBV was reduced due to anemia in 12.5%
(3 of 24) of group A and in 30.4% (7 of 23) of group B.
Furthermore, rash and thrombocytopenia were significantly
more frequent in group B than in group A (P = 0.014 and
P =0.007, tespectively). In group A, depression was signifi-
cantly mote frequent in females than in males (P = 0.012).
In genotype 2 patients, treatment discontinuation did not
differ between group C (33 of 252, 13.1%) and group D
(8 of 61, 13.1%), and the rate of discontinuation due to
adverse effects did not differ between these groups (17 of
252, 6.7%, 6 of 61, 9.8%, respectively).

The mean time to discontinuation in group A (21.6 £
11.9 wk) was not significantly different from group B (21.5
+ 12.6 wk), and the mean time in group C (11.0 * 6.8 wk)
was also not significantly different from group D (11.6 £
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6.0 wk). There was no significant difference between male
and female patients in each group (male: 21.0 + 12.4 »s
fernale: 22.1 £ 11.8 in group 1, male: 11.3 = 7.1 o female:
10.9 + 6.1 in group 2).

HCC was not seen in genotype 2 patients; only in
patients with genotype 1 (29.5 = 9.9 wk) and was more
frequent in group B (5 of 253, 2.0%) than in group A (2
of 685, 0.3%) (P = 0.008).

DISCUSSION

In a large, national, multicenter Greek study involving 993
treated and 734 untreated patients with chronic hepatitis
C, patients with cirthosis, showed a protective effect of
treatment even among those without SVR. For patients
without cirthosis, the beneficial effect of IFN ¢ treatment
was particulatly evident in older patients; patients with the
worst prognosis if left untreated. Therefore, IFN a-based
treatment should be offered to older persons, as these are
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‘Includes pulmonary tuberculosis (n = 1), pneumonia (n = 1), tuberculous pleuritis (n = 1); *Includes psychiatric disorder (1 = 2), disquiet (n = 1), insomnia
(n = 1); *Includes nerve paralysis (n = 1), cerebral infarction (n = 1); “Includes rheumatoid arthritis (n = 2), myasthenia gravis (n = 1); *Includes diabetes
mellitus (n = 1), hypertriglycemia (n = 1); “Includes cholecystitis (n = 3), pancreatitis (n = 1); Includes 25, 13, 6 and 13 drop-outs from groups A, B, Cand D,
respectively: One for excessive alcohol consumption in group C and one was nursing in group D. ALT: Alanine aminotransferase.

the patients with the greatest potential benefit and may
achieve SVR", In Japan, the prevalence of chronic HCV
infection increases with age, however, the optimal manage-
ment of older patients has not yet been accurately defined.
Whether or not to treat patients older than 65 years with
antiviral treatment is highly debated, especially in terms
of cost/benefit ratio. In addition, the natural history of
chronic hepatitis C in eldetly patients is not accurately
known, as the presence of comorbidity can affect illness
progression and life expectancy. HCV became mote preva-
lent in Japan decades before the United States"”. Japanese
patients with chronic hepatitis C treated with IFN are cur-
rently 10 to 15 years older than corresponding patients in
the United States and Buropean countries, where patients
treated with antiviral treatment tend to average 45 years of
agel®™, Therefore, our results can setve as a world-wide
model for the treatment of older chronic hepatitis C pa-
tients,

It has been well documented that the combination
therapy of PEG-IFN o-2b plus RBV is more effective
than previous IFN monotherapy in chronic hepatitis C
patients™. There have been four studies on the efficacy
of PEG-IFN plus RBV therapy in patients 65 years or
older with genotype 1, which revealed low rates of SVR
(31.1%-51.9%)""?%. However, these studies were too small
(11-93 patients) for conclusive recommendations to be
made. Because the present study was a large multicenter
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design, it is useful for clarifying the efficacy and safety
of PEG-IFN plus RBV combination therapy in older
patients. The present study confirmed the results of our
previous study which showed that the SVR rate was signifi-
cantly higher for genotype 2 than for genotype 1 patients.
Another important result was that the ability to take at least
a minimum acceptable dosage duting treatment increased
the SVR rate by about three times in older patients with
genotype 1. This result also confirmed previous studies
which indicated the importance of giving at least the mini-
mum acceptable treatment dosage in patients infected with
HCV genotype 1, especially older patients™?*,

Secondly, we compared discontinuation of treatment
by genotype and sex. In genotype 1 patents, adverse ef-
fects were seen more often in older than in younger pa-
dents. This was the most important reason why the rate
of treatment discontinuation was higher in older than
in younger patients, and affected the outcome of PEG-
IEN o-2b plus RBV combination therapy. General fatigue
was the most common adverse effect in older patients.
Because older patients often have impaired renal func-
tion, they have increased blood levels of RBV®*, They
are also inclined to be anemic and to have general fatigue.
However, only a small number of older patients in the
present study had reduced RBV due to anemia. Therefore,
general fatigue is probably a direct adverse effect of PEG-
IFN o-2b. We previously teported that herbal medicine
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Includes nerve paralysis (n = 1), tetany (n = 1); *All patients were drop out. ALT: Alanine aminotransferase.

relieved the adverse effects of IFN, including general
fatigue[m. Herbal medicine may be useful for mitigating
general fatigue duting PEG-IFN o-2b plus RBV combi-
nation treatment, especially in older patients.

The rate of discontinuation was lower in patients with
genotype 2 than in patients with genotype 1, and there
was no difference between the older and the younger
patients with genotype 2. These results are possibly a con-
sequence of the shorter term of treatment in genotype 2
and the many genotype 1 patients who discontinued due
to lack of efficacy.

Two of the characteristics of older patients in the
present study were that both hemoglobin and platelet
count were significantly Jower than in younger patients.
The SVR rate was significantly lower when the platelet
count was less than 10 X 10'°/L. Furthermore, the older
genotype 1 patients were often forced to discontinue
treatment due to thrombocytopenia and the occurrence
of HCC. These findings appear to result from advanced
liver fibrosis in oldet chronic hepatitis C patients. There-
fore, the possibility of HCC duting long-term IFN treat-
ment in older patients must be considered.

We previously reported that older female patients had
a low response to IFN-o, monotherapy®, and other in-
vestigators have reported that older female patients have
a poor response to PEG-IFN a-2b plus RBV®#, AL
though our data showed that sex was not related to SVR,
the reason for this finding was not fully elucidated. In any
case, studies have conclusively shown that it is important
to begin treatment with PEG-IFN a-2b plus RBV combi-
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nation therapy as soon as possible. Our data suggest that
age may be a mote important factor than sex for increas-
ing the rate of SVR. Resistance to treatment in older pa-
tents may be due to IFN-immunomodulation, advanced
liver fibrosis, or reduced dosage.

To maximize adherence to the optimal treatment regj-
men, the treatment schedule can be modified or other
therapeutic modalities added, such as hematopoietic
growth factors™ or the new thrombopoietin-receptor
agonist, eltrombopag, for the antiviral treatment of older
patients with chronic hepatitis C*%. A further individual-
ized treatment protocol based on viral kinetics might be
more practical®”.

In conclusion, PEG-IFN o-2b plus RBV treatment
was effective in the treatment of older chronic hepatitis
C patients when they received at least the minimum ac-
ceptable treatment dosage. However, there were frequent
adverse effects and treatment discontinuation. It is neces-
sary to control for adverse effects that might interrupt
treatment and to begin this combination therapy as soon
as possible, especially in older patients.

ACKNOWLEDGMENTS

We greatly thank Drs. Yasunori Sawayama, Masayuki Mu-
rata, Shigeru Otaguro, Hiroaki Taniai, Eiichi Ogawa, Ka-
zuhiro Toyoda, Haru Mukae, Tsunehisa Koga, Kunimitsu
Eiraku, Takeshi Ihara, Hiroaki Tkezaki and Takeo Hayashi
of our department for their clinical and research assis-
tance with the present study.

September 21, 2010 | Volume 16 | Issue 35 |



